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ABSTRACT

Divers visually resurveyed reef fishes at two sites: French
Frigate Shoals (FFS) and M dway Atoll (MAMY), in August 1997.
Surveys were repeated at the sane stations at which fishes were
surveyed in July 1992 (at FFS), in August 1993 (MMY), in
Sept enber 1995 at both sites, and in August (FFS) and Septenber
(MMY) 1996. N ne stations in two habitats (four on inner and
outer barrier reefs and five on | agoonal patch reefs) were
surveyed at FFS; nine stations were simlarly sanpled at MAAY.
Three divers repeated the identical surveying protocols initiated
in 1992-93: two divers simultaneously tallied all |arger-than-
recruit-sized (>2 cm Standard Length, SL) fish individuals,
encountered within a band transect or other fixed area of reef,
by species or |owest recognizable taxon. A third diver,
meanwhi l e, estimated the body | engths of a random sanpl e of
fishes encountered within the sane delimted area. As on
previ ous surveys, divers rotated between the two (counting, size
estimation) tasks.

At FFS, the estimated nean total nunerical density (all fish
taxa) in 1997 (14.9 = 2.9[se] fish-10 ni®) was indi stingui shabl e
fromthe anal ogous 1996 estimate (16.8 £ 4.0). Young-of-year
(YOY) and other small-bodied (<7 cm SL) post-recruits represented
about 48%of total fish counts in 1997 conpared to 56%in 1996.
Bet ween-year differences in length distributions were the net
result of disproportionately nore 2-6 cm YOY-si zed fishes at
barrier reef stations in 1997 and rel atively greater nunbers of
4-7 c¢cm YOY on patch reefs in 1996. The 23-np (Sep 95-Aug 97)
grow out of strong 1995 year-cl asses, however, has not resulted
In an increase in overall biomss densities. Standing biomass
has been i ndi stingui shabl e anong recent years (1997: 0.6-1.0
kg:10 mi?% 1996: 0.5-0.6 kg-10 m? 1995: 0.6-1.9 kg-10 m?
dependi ng on habitat).

At MMY, the nunerical densities of total fishes did not
differ between 1997 (20.8 + 8.3 fish-10 m? and 1996 (19.2 +
4.6). YOY and other snmall-bodied fishes conprised 54% and 33% of
total counts in 1997 and 1996, respectively. Length-frequency
distributions differed between 1997 and 1996, with relatively
greater nunbers of 2-5 cm YOY-sized and 11-20 cm adul t-si zed
fishes at barrier reef stations in 1997 and di sproportionately
nore 5-7 cmfishes (primarily recruits of aweoweo, Priacanthus
sp.) on patch reefs in 1997. Bionmass densities (kg:10 nmi?® have
been simlar anong recent years (1997: 0.6-0.9; 1996: 0.8-0.9;
1995: 0.8 to <2).

Patterns of nunbers and bi onass at FFS and MMY are
di scussed relative to the possible current and future food
l[imtation of Hawaii an nonk seal s, Mnachus schaui nsl andi , at
FFS.



| NTRODUCTI ON

The Hawai i an nonk seal, Monachus schauinslandi, is endemc
to the Hawaiian Archi pel ago where its present distribution in the
Nort hwestern Hawaiian Islands (NVWH) is restricted to five nmain
breedi ng popul ations, including French Frigate Shoals (FFS; 24°N,
166°W and M dway Atoll (MAMY; 28°N, 177°W. Beginning in 1988
and continuing through 1997, the nonk seal popul ation at FFS,
where about 30% of all NWH nonk seals currently reside, has
declined by nore than 50% These declines at FFS, particularly
of juvenile seals, are thought to be related to decreases in the
forage base of nobnk seals whose broad diet consists primarily of
bent hic and other reef fishes, cephal opods, and crustacea (DelLong
et al., 1984; Craig and Ragen, in review, Goodnan-Lowe, 1998).

In order to eval uate whether reef fish popul ati ons had
recently declined fromprior |levels, shallow water reef fishes
were surveyed at FFS and MMY in the early 1990s. Surveys were
then repeated at stations previously surveyed by U S. Fish and
Wl dlife personnel during 1980-83 (at FFS) and 1980 ( MAAY).

These repeated surveys were first conducted at FFS in July 1992
(DeMartini et al., 1993) and at MMY in August 1993 (DeMartini et
al., 1994). DeMartini et al. (1996) provides a conprehensive
interpretation of tenporal conparisons at both sites. In
general, the nunerical densities of post-recruit-sized (>2 cm
Standard Length, SL) reef fishes declined by about one-third
between the early eighties and surveys nade during the first part
of the follow ng decade. At |east at MMY, these declines

I ncl uded both herbi vorous and carni vorous fishes and occurred in
both major habitat types (DeMartini et al., 1996). Wen
resurveyed in Septenber 1995, densities at FFS had increased by
>60% conpared to July 1992, and densities at MMY had nom nal ly

I ncreased about 30% over August 1993 (DeMartini and Parri sh,
1996). Densities reestimted in August-Septenber 1996, however,
wer e indistinguishable from 1995 estimates at the respective site
(DeMartini and Parrish, 1997). In this report, we update our
shall ow-water reef fish time series for surveys conducted at FFS
and at MAAY during August 1997.

METHCDS AND MATERI ALS
Field Surveys
FFS
Surveys were conducted over a 4-day period (August 7-10,
1997). Reef fishes were surveyed at historical ("test") stations

usi ng the sanme recording protocols as those used in July 1992 and
August 1996. (I n Septenber 1995, the data used for analysis were
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collected by two, rather than three, persons; three-person
datasets were used in 1992, August 1996, and August 1997.) As in
1992, a total of four test stations on the barrier reef (BR two
Inner [Sta. Nos. 7, 8] and two Quter [Nos. 4, 6]), and five patch
reef (PR) stations [Nos. 5c, 5d, 5e, 5f, 23] were surveyed in
1997. Each station was surveyed once; two divers tallied
densities on a 500 nt band transect (BR stations) or within a
delimted area (PR stations), while a third diver simultaneously
characterized the body length distribution (by 1- to 10-cm
Standard Length, SL, classes) of fishes in the sane station area.
Divers rotated fish counting and size estimation tasks. Fishes
were tallied by species or |owest recogni zabl e taxon;

nomencl ature was updated according to Randall (1996). DeMartini
et al. (1993) specifies recording protocols, and DeMartini et al.
(1996) describes station |locations and habitats.

MMY

Surveys were conducted over a 3-day period (August 14-16,
1997). Reef fishes were surveyed at test and other stations
usi ng recordi ng protocols fundanentally the sane as those used in
August 1993 and Septenber 1996. Four test stations on the
barrier reef (BR two Inner [Nos. 14, 21] and two Quter [Nos. 10,
19]) plus five patch reef (PR) stations were resurveyed in 1997.
Quter BR station No. 10 was missed in 1996 because of unsafe
diving conditions (DeMartini and Parrish, 1996); thus, 1996-97
compari sons were based on ei ght stations even though nine
stations were surveyed in 1997. The PRs sanpl ed included test
stations Nos. 5, 11, and 17, plus 17A (a reference station used
as replacenent for test station No. 18; see DeMartini et al.

1994) and a patch reef first surveyed in 1996 (No. 6X; simlar in
area to test station No. 6 and used as its replacenent). Use of
the two replacenment PRs was first necessitated by sand burial of
PR test stations Nos. 6 and 18 in Septenber 1996. These two

test stations renained buried in sand when resurveyed in August
1997. DeMartini et al. (1994, 1996) provide additional details.

Dat a Anal yses

Speci es ranki ngs were used to eval uate assenbl age structure.
Sone species of parrotfishes (adult Scarus/Chlorurus spp.) and
surgeonfi shes (Acanthurus spp.) that were at tinmes difficult to
di sti ngui sh underwater were pool ed for anal yses. Potenti al
changes in nunerical densities were evaluated for total fishes,
her bi vore and carnivore trophic |evels, and each of four
carnivore feeding guilds (benthic invertebrate-feeders or
"benthic carnivores,” corallivores, piscivores, and
pl anktivores). Data were too fewto partition analyses of size-
frequency distributions and bi omass densities finer than the two
maj or trophic |levels (herbivores, carnivores) within total
fishes. Data were post classified into trophic |levels and
carnivore guilds as described by DeMartini et al. (1996).
Anal yses agai n focused on higher taxa for two principal reasons:
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(1) the existing data for fish in the nonk seal diet have famly
and grosser taxonom c resolution and (2) the statistical power to
detect changes >50%in NWH reef fish densities using diver

vi sual surveys is generally insufficient at the species |evel
(power = [1-B] <0.80 at o, = 0.10; DeMartini et al., 1996).

Tenporal changes (1997 vs. 1996) in numerical densities were
eval uat ed usi ng boot strapped-paired conpari sons (Manly, 1991),
with data paired by station between surveys. The results of
1,000 iterations were evaluated at o, = 0.10 (Manly, 1991), and
Bonferroni's correction was used to control Type | error in
mul ti ple conparisons (o,;, = o/ m where m = nunber of
compari sons; Manly, 1991, p. 52). Anal ogous conpari sons of size-
frequency distributions were made using 2- Sanpl e Kol nogor ov-
Smrnov (K-S) tests (Siegel and Castellan, 1988). Anobng-year
patterns in the densities of total, including young-of-year (YOY)
and other small-bodied fishes, were anal yzed by apporti oning
numerical counts into YOY- (1-7 cm SL) and | arger-sized (>7 cm
fi shes based on size-frequency distributions; the effects of
survey year (1992-93, 1995, 1996, 1997) and site (FFS, MMY) were
t hen eval uated by 2-Way ANOVA. Bionmass densities were cal cul at ed
first for each taxon as the cross product of nean body wei ght per
fish and nmean nunerical density (N-10 m?® and then summed over
taxa. Variances were estimted by the delta nethod excl uding
covari ances (Seber, 1982, p. 9) because anal yses indicated that
covari ances were trivial. Large-bodied transient predators
(sharks and the two jacks Caranx ignobilis and C. nel anpygus)
wer e excluded fromthe biomass estimates.

Boot strap conpari sons were coded in Mcrosoft Quick Basic
4.5. Al remaining anal yses used PC SAS v. 6.04 (SAS Institute,
Inc., 1990).

RESULTS
Rel ati ve Densities
FFS

Count data were log normally distributed anong species. The
10 nost nunerous species dom nated total fish densities (76-81%
dependi ng on habitat) during the August 1997 survey. The top 20
and top 30 taxa contributed 89-91% and 95-96% to total densities,
dependi ng on habitat. Wthin habitats, rankings anong taxa were
generally simlar in 1996 and 1997 (Table 1).



MMY

The 10 nost numnerous species dom nated total densities (80-
90% dependi ng on habitat) in August 1997. The top 20 and top 30
taxa contributed 92-96% and 97-99%to total densities. Rankings
W thin habitat generally persisted between 1996 and 1997, with
t he notabl e exception of zoopl anktivorous aweoweo ( Pri acant hus
sp.), which, although absent in 1996, ranked first in 1997 (Table
2) as a result of heavy but patchy YOY recruitnent in 1997 only
(el abor at ed bel ow) .

Numeri cal Densities
FFS

I n August 1997 total fish densities averaged 14.9 + 2.9(se)
i ndi vi dual s-10 m? overaII with herblvores (33% of total) and
carnivores (67% averaglng 4.9 fish-10 m? and 10.0 fish-10 m?
respectively (Tables 1 and 3). Herbivores were slightly | ess
numer ous (44% of total) than carnivores on the barrier reef;
conversely, carnivores were nuch nore nunmerous (69% than
her bi vores on patch reefs (Tables 1 and 3). The benthic
carnivore guild dom nated nunerically in both barrier and patch
reef habitats (33-35%of total fishes; Tables 1 and 3).
Densities were nore than threefold greater overall on patch
reefs.

Boot st r apped- pai red conpari sons of densities for pool ed
(barrier and patch reef) habitats did not generally differ
bet ween 1997 and 1996 for benthic carnivores (nomnally 33%
| ower), planktivores (12% higher), or corallivores (45% hi gher).
An apparent 19% i ncrease in piscivores was significant (Table 3).
QG her significant changes that were inconsistent between habitats
occurred for total fishes on the barrier reef (23%increase) and
for herbivores at barrier (29%increase) and patch reef (24%
decrease) stations (Table 3). Patterns of apparent density
change between August 1997 and August 1996 were qualitatively
dissimlar in barrier and patch reef habitats for total fishes,
her bi vores and pool ed carnivores, all of which trended higher at
barrier reef but |lower at patch reef stations in 1997 (Table 3).

The overall nunerical simlarities between 1996 and 1997 at
FFS i ncl uded nost conponent taxa. Differences were not apparent
at the species level within major functional groups (Table 4).

MMY

Total densities averaged 20.8 + 8.3 fish:10 m? overall in
August 1997, with herbivores (16@6of total) and carnivores (84%
averaging 3.4 and 17.4 fish-10 m? respectively (Tables 2 and 5).
Her bi vores were slightly nore abundant (55% than carnivores on
the barrier reef, whereas carnivores were nuch nore abundant
(89% on patch reefs (Tables 2 and 5). The benthic carnivore
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guil d dom nated nunmerically in the two habitats (36-41% of tota
fishes; Tables 2 and 5). Fishes were nore than fourfold denser
overall on patch reefs.

Boot st rapped- pai red conpari sons indicated significant
decl i nes between Septenber 1996 and August 1997 for total fishes
at BR stations and for herbivores (43% in both habitats (Table
5). Between-year conparisons, however, differed insignificantly
(or inconsistently between habitats) for total fishes, pooled
carni vores, benthic carnivores, planktivores, and corallivores
(Table 5). The significant 53% decline in piscivores (Table 5)
shoul d be consi dered especially suspect because estinates for
t hese patchily distributed and relatively uncommon fishes are
extremely inprecise.

Most of the 1996-97 declines in nunerical densities (Table
5) were not taxonom cally general at MMY (Table 4). Conversely,
t hose nom nal declines that were taxonom cally general --for
bent hic carnivores and pl anktivores (Table 4)--were not
statistically significant at the guild level (Table 5).

Cener al

Fi sh densities have been indistinguishable at FFS and MMY
since the inception of the recent series of size-specific surveys
in 1992/93 (Table 6A). However, at both sites the densities of
total fishes and, in particular, the densities of nost YOY-sized
fi shes have differed anong recent surveys (Table 6A-C). On the
1995 survey, YOY densities increased over 1992-93 val ues, then
returned to 1992-93 |l evels during 1996-97 (2-Way ANOVA on site
and survey effects: survey effect P < 0.001, Table 6C). YOY
dansel fish densities, though, have not differed anong recent
years (Table 6D).

Lengt h- Frequency Conposition
FFS

Roughl y equi val ent proportions of young-of-year (YOY) and
other small-bodied (<7 cn) fish contributed to | ength-frequency
tallies in August 1997 and August 1996; overall, YOY-sized fishes
conpri sed 48% and 56% of all fishes tallied in August 1997 and
August 1996, respectively. Length-frequency distributions
differed between years for fishes sanpled in each najor habitat
and both habitats pooled (2-sanple K-S tests, all P < 0.001; Fig.
1A,B). Relatively greater nunbers of 2-6 cm YOY were observed at
BR stations in 1997, whereas disproportionately nore 4-7 cm
fi shes were observed on patch reefs in 1996.



MMY

Lengt h-frequency distributions differed between August 1997
and Septenber 1996 in each and both habitats pooled (K-S tests,
all P <0.001; Fig. 2A, B). These 1996-97 differences reflected
relatively greater nunbers of 2-5 cm YOY-sized and 11-20 cm
adul t-sized fishes at BR stations in 1997 and disproportionately
nore 5-7 cm YOY aweoweo at patch reefs in 1997. The overal
contributions of YOY-sized (<7 cm fishes were 54% and 33%in
August 1997 and Septenber 1996, respectively. Excluding aweoweo,
t he proportion of YOY-sized fishes in 1997 was 36%

Bi onass
FFS

I n August 1997, the biomass density of total fishes was 0. 6-
1.0 kg-10 m? depending on habitat. Herbivores conprised 78% and
44% of total fish biomass in barrier and patch reef habitats,
respectively; the corresponding estimtes for carnivores were 22%
and 56% The 1997 estimates are statistically equivalent to the
respective August 1996 estimates for herbivores, carnivores, and
total fishes (Fig. 3A). Variances were |large (Fig. 3A), and
statistical power was insufficient to resolve suggestions of
change between years. YOY-sized fishes contributed <1%to tota
bi omass on both the 1997 and 1996 surveys.

MMY

Bi onass densities in August 1997 averaged 0.6-0.9 kg-10 m?.
About 30% conpri sed carnivores and 70% were herbivores at BR
stations; conversely, about 70% were carnivores and 30% were
her bi vores on patch reefs. Bionass estimates in 1997 were
simlar and statistically indistinguishable from Septenber 1996
values (Fig. 3B). YOY-sized fishes represented <1% of total
bi omass in 1997 as well as 1996.

DI SCUSSI ON
Tenporal Conparisons of Rel ative Abundance
FFS and MMY

The distributions of counts anong taxa were fundanentally
simlar between the August 1997 and t he August (FFS)- Septenber
(MMY) 1996 surveys. At FFS, the overall rank conposition of
species within the shallow reef fish assenbl age has persisted
despite quantitative changes in the abundance and size structure
of reef fishes that occurred between July 1992 and Septenber 1995
(DeMartini and Parrish, 1996) and nore recent changes in size
structure during 1995-97. At MMY, species rankings remai ned
concordant along with nunerical densities and size distributions
from August 1993 to Septenber 1995, and despite changes in size
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structure between 1995-97 (the latter, in part, reflecting the
exceptional recruitnent of aweoweo at only two out of five patch
reefs in 1997). W continue to interpret these observations as

I ndi cating general stability in fish assenbl age structure at both
FFS and MAAY.

Tenporal Changes in Nunerical Density
FFS

Bet ween July 1992 and Septenber 1995, the nunerical
densities of shallow reef fishes had generally increased >60%
over 1992 levels at FFS (DeMartini and Parrish, 1996). These
I ncreases had been spatially general--an estimted 37% on the
barrier reef and 63% on patch reefs (DeMartini and Parrish
1996) --indi cating that numerical increases had occurred on
| ar ger -t han- physi ographi ¢ spatial scales (Sale et al., 1994).
Marginally | ower overall densities occurred on the August 1996
survey, equivalent to those observed in August 1997 (Table 6A).
These simlarly low (relative to 1995) 1996-97 esti mates
i ntroduce doubt as to whether the nunerical increases evident in
1995 have persisted since that tinme (Fig. 4A).

MMY

Total fish densities had appeared to increase by 31% overall
at MMY bet ween August 1993 and Septenber 1995, but the 1995
I ncrease was then not statistically denonstrable (DeMartini and
Parrish, 1996, Table 5). Wth the benefit of additional years'
data, total fish densities at MMY can now be recogni zed as
hi gher in 1995 (vs. 1993) and have been either internediate
(between 1993 and 1995 levels) or simlar to 1993 during 1996-97
(Table 6A; Fig. 4B). Nunerical densities of YOY-sized fishes in
particul ar were higher during 1995 than when first estinmated on
t he 1993 survey, but have questionably remained at 1995 | evels
during 1996-97 (Table 6B, C Fig. 4B).

O her 1996-97 conparison data reinforce the notion that fish
densities have declined from 1995 | evels at MMY. The magnitude
of the various 1997 estinmates, relative to the respective
estimtes of 1996, ranged broadly around no net change (from 90%
| ess to 183% greater) anong the trophic | evels and conmponent
feeding guilds exam ned. However, the observation that a nom na
(P =0.09) 52%decline (Table 5) in benthic carnivores included
qualitative declines in 12 of 14 conponent species within the Top
30 suggests that |ower densities in 1997, although statistically
i nsignificant, mght be real

Cener al

Equi val ent fish densities during 1996-97 at FFS and MMY, at
| evel s perhaps | ower than those observed in 1995, suggest that,
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at least for total fishes, densities generally persisted during
1996-97 at |evels equivalent to those that occurred during the
early nineties (DeMartini et al., 1996; Table 6A-C this study).
YOY-si zed fishes in particular illustrate the pattern of 1995

i ncreases followed by |lower levels in 1996-97 (Table 6C). Mich
of the pattern of tenporal variation in YOY excludes
dansel fi shes, a group with an atypically brief (2-3 weeks)

pel agic | arval stage (Wellington and Victor, 1989) that is
arguably | ess susceptible to advection loss. This observation is
consistent with recruitnent variation being driven by advection
| osses of the majority of reef fishes having nore typical,

sever al - nont h-1 ong pl anktoni ¢ durations.

The early 1970s through m d-1980s was an unusual | y turbul ent
and productive period in the central North Pacific; conversely,
the late 1980s and early 1990s signaled a return to nore
"normal ," lower productivity in the NMH ecosystem (Pol ovi na et
al ., 1994; 1995). Productivity during and since the md 1990s
has presumably persisted at normally | ower |evels, and the 1995
I ncreases and subsequent marginal declines in fish densities at
FFS and MMY have occurred during a period of typical and
unexceptional planktonic productivity. The inconstancy of reef
fish recruitment during 1995-97 therefore suggests that the year-
cl ass success of nost reef fishes in the NWH is not strongly
determ ned by water-colum productivity. Rather, chance tenpora
and spatial vagaries of larval transport are |ikely inportant
conponents of recruitnment success.

Tenporal Patterns of Size Conposition and Bi onass
FFS

YOY had been relatively nore nunmerous at FFS in Septenber
1995 conpared to July 1992 due to strong year-cl asses of nmany
speci es of shallow reef fishes in 1995 (DeMartini and Parri sh,
1996; E. DeMartini, unpubl. obser.). The relative increase in
YOY numbers between the 1992 and 1995 surveys (42% was
substantial. Although the 1995 increase in YOY counts was |ess
than that necessary to explain the then observed increase of >60%
in total fish density, the higher YOY counts partly contri buted
to the general increase in nunmbers. |In 1995, YOY contributed
only about 2% to the standing bi omass of shallow reef fish at FFS
(DeMartini and Parrish, 1996). Hi gher apparent biomass densities
in 1995 reflected the greater nunerical densities of |arger-
bodi ed fish that perhaps represented the grow out of juveniles
from successful year classes established between 1992 and 1995
(DeMartini and Parrish, 1996).

In 1996, YOY again contributed little to overall standing
bi omass. Bionmass densities remai ned indistinguishable from 1995
despite the relative increase in 1996 of yearling-sized fish.
This is not surprising because in 1996 yearling-sized (7-11 cnm
fish, although | arger-bodied than YOY (1-7 cm O0.1-12 g), stil
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averaged only about an ounce (27-32 g) per individual, depending
on habitat. More than several highly successful year classes in
successi on woul d have been needed to appreciably increase

st andi ng bi omass.

In 1997, YOY once nore contributed little to overal
st andi ng bi omass, and bionmass densities remained simlar to those
estimated in 1996. The observed 1996-97 differences in size
conmposition resulted fromchanges in relative abundance of
various YOY fishes whose small body mass (<10g-i ndivi dual )
mnimally influenced overall standing bionass.

MMY

The equi val ent proportions of YOY-sized fish in August 1993
and Septenber 1995 (31-33% of all fishes tallied) renained
unchanged in Septenber 1996 (33% despite the observed 1995-96
changes in I ength-frequency distributions. 1In 1997, the total
YOY proportion junped to 54% but this primarily reflected the
| arge but patchy recruitnent of 5-7 cm aweoweo at only 40% of the
patch reefs sanpled. Like FFS, the changes in size conposition
observed at MMY occurred in both major habitats; however, unlike
FFS, the changes noted at MMY in 1997 were qualitatively simlar
I ncreases in the proportion of YOY in both habitat types. The
1996 increase in yearlings had suggested that successful 1995
year classes becane established at MMY even though our estinates
In 1995 were then too inpreci se to adequately describe them The
geogr aphi ¢ scope of reef fish recruitnent success in 1995 may
have extended farther upchain in the N\H than we had originally
surm sed (DeMartini and Parrish, 1996). Continued YOY increases
in 1997 may result in the buildup of some shallow reef fish
stocks at MMY in the future, particularly if the 1997 year-cl ass
of aweoweo becones wel| establi shed.

The increase in relative nunbers of small adult-sized (11-20
cm SL) fish noted in 1997 was insufficient to pronote an increase
i n standi ng bi omass that was detectable within the precision
limts of a single survey. At present, our estimates of biomass
density at MMY (and FFS) indicate that val ues have ranged
broadly around 1 kg-10 m? from 1992/ 3 through 1997 (DeMartini and
Parrish, 1997; Fig. 3, this study).

Gener al

Qur long-term average estimtes of fish biomass densities
(1 kg-10 mi?) on relatively pristine, shallow NWH reefs are about
twi ce the average | evel of fish standing bi omass on shall ow,
exploited reefs in the main Hawaiian Islands (MH) (Gigg, 1994;
DeMartini et al., 1996). W reenphasize the inportance of these
differences as evidence for the high present and continuing | evel
of exploitation of reef fishes in the M.
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SUMVARY AND CONCLUSI ONS

At FFS, the nunerical density of reef fishes (all taxa, both
maj or habltats) i n August 1997 was equivalent (nean £ se = 14.9 =
2.9 fish10 m? to the estimte made in August 1996 (16.8 * 4.0
fish-10 m?. At MMY, the anal ogous estimate made in August 1997
(20.8 + 8.3 fish-10 ni?) was equi val ent to that made in Septenber
1996 (19.2 + 4.6 fish-10 m?).

The I ength frequency distributions of fishes differed
bet ween 1997 and 1996 at both FFS and MMY, but in dissimlar
fashion at the two sites. At FFS, YOY and other small-bodied
(1-7 cm fishes were abundant (relative to MMY) in 1996 (56% of
total counts) as well as 1997 (48% and 1995 (43%. At MMY, YOY
and other small fishes conprised 54% of total fishes tallied in
August 1997, a value larger than anal ogous estinmates nade in
Sept ember 1996 (33%, Septenber 1995 (33%, or August 1993 (319%.
The | arge proportion of YOY at MMY in 1997 was dom nated by the
exceptionally heavy recruitnment of aweoweo at a mnority of patch
reefs in 1997. Excludi ng aweoweo, YOY sizes conprised only about
one-third (36% of all fishes tallied at MMY in 1997.

At FFS, estimtes of standing biomass in 1997 (0.6-1.0 kg-10
m?, dependlng on habitat) were |nd|st|nQU|shabIe from val ues
estimated in 1996 (0.5-0.6 kg 10 m?%, in 1995 (0.7-1.9 kg-10 ni?),
and in 1992 (0.4-1.1 kg 10 m Bi ormss estimates at MMY in
1997 (0.6-0.9 kg-10 m? were S|nilar to those estinmted at MMY
in 1996 (0.8-0.9 kg-10 m?), in 1995 (0.8 to < 2 kg-10 m?%, and in
1993 (1.0-1.1 kg-10 m?). YOY contributed little (<1% to overal
bi omass densities in 1997 at FFS as well as MAAY.

The increases in recruitnment detected at FFS in Septenber
1995 likely represented the continuation of recent increases in
reef fish nunbers that then had not yet fully translated to
i ncreased adult standing biomass (DeMartini and Parrish, 1996).
Lengt h frequenci es observed on the August 1997 surveys, and on
t he August 1996 (FFS) and Septenber 1996 ( MMY) surveys, suggest
that at both sites the grow out of successful 1995 year classes
has continued, but that recruitment in 1996 and in 1997 was poor
to noderate relative to 1995 and that standing reef fish biomass
consequently has not increased appreciably at either site.
Surveys over additional years would be necessary to docunent the
| i kel y sporadic establishment of year classes and the accrual of
bi omass by successful, sequential year classes necessary for
substantial increases in the reef fish forage base at FFS.
Tenporal changes in reef fish abundance at MMY need further
docunent ati on because of the inportance of this site for

potential translocation of seals. |In general, the |link between
reef fish recruitment and production and meani ngful increases in
the reef fish conponent of the nonk seal forage base still needs

to be further descri bed.
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Table 1.--FFS. Mean nunerical densities (N-10 m? of major fish taxa on the August 1996
and August 1997 surveys. The top 30 taxa are ranked in descendi ng order of
their weighted grand nmeans within each survey for both habitat types pool ed.
Trophic guild acronyns are: bc = benthic carnivores; h = herbivores; co =
coral livores; zp = planktivores; pi = piscivores. A dashed horizontal |ine
separates the top 30, 1996 taxa from | ower-ranked taxa that ranked within the
top 30 on the 1997 survey. Density on barrier reefs and patch reefs is
I ndi cated as DBR and DPR, respectively.

August 1996 August 1997

Taxon Rank96 DBR DPR Dbot h Rank97 DBR DPR Dbot h
Dascyl | us al bi sell a(zp) 1 0. 03 5.40 3.01 1 0.06 4.59 2.58
Mul | oi d. vani col ensi s(bc) 2 0. 20 3.09 1.81 9 abs 0.96 0.48
St egastes fasciol atus(h) 3 0. 32 2.48 1.52 3 0.29 2.14 1.32
Thal assoma duperrey(bc) 4 0. 88 1.53 1.24 4 0.61 1.78 1.26
Ct enochaet us strigosus(h) 5 0.54 1.77 1.22 6 0.53 1.15 0. 88
Juveni |l e Scari dae(h) 6 0. 34 1.60 1.04 5 0.35 1.49 0. 99
Mul I oi d. flavol i neatus(bc) 7 abs 1.82 0.91 35 abs 0.10 0. 05
Chaet odon niliaris(zpz 8 0. 04 1.27 0.72 11 0.02 0.69 0. 39
Chl orurus/ Scarus spp. °(h) 9 0. 26 0.75 0.54 13 0.30 0.29 0. 29
Chrom s ovalis(zp) 10 0.08 0.77 0. 46 2 0.56 2.44 1. 60
Chrom s vanderbilti (zp) 11 0.78 abs 0. 39 7 1.12 abs 0. 56
Acant hurus triostegus(h) 12 0. 20 0.53 0. 38 8 0.84 0.33 0. 56
Neoni phon sammar a(bc) 13 <0.01 0. 56 0.31 12 abs 0.63 0.31
Lutj anus kasm ra(bc) 14 0. 09 0.41 0. 27 16 0.04 0.36 0. 22
Acant hurus spp. ?(h) 15 0. 34 0.17 0. 25 10 0.75 0.17 0. 43
Cent ropyge potteri (h) 16 <0.01 0. 37 0.21 20 0.04 0.21 0.13
Stethojulis balteata(bc) 17 0.10 0. 28 0. 20 15 0.16 0.31 0.24
Chrom s hanui (zp) 18 0.02 0.31 0.18 14 0.22 0.31 0. 27
Kyphosus spp. 19 0.32 abs 0. 16 73 <0.01 abs <0.01
Paru. multifasciatus(bc) 20 0.10 0.18 0.15 17 0.04 0.28 0.18
Labr oi des pht hi r ophagus(bc) 21 0.01 0. 25 0.14 19 <0.04 0.22 0.13
Cant hi gaster jactator (bc) 22 0.12 0.15 0.13 24 0.08 0.14 0.11
Thal assoma bal i eui (bc) 23 0. 09 0.16 0.13 22 0.15 0.09 0.12

Tabl e 1.--FFS (conti nued).




August 1996 August 1997

Taxon Rank96 DBR DPR Dbot h Rank97 DBR DPR Dbot h
Macr ophar. geoffroy(bc) 24 0. 02 0.21 0.13 21 <0.01 0.21 0.12
Zebrasoma fl avescens(h) 25 <0.01 0.21 0.12 28 0. 02 0.15 <0.10
Myripristis spp. 26 0. 17 0. 06 0.11 36 0.03 0.06 <0.05
Pl ectro. johnstoni anus(co) 27 0.01 0. 15 0. 09 18 0. 03 0. 27 0.16
Chaet odon frenblii (bc) 28 0. 04 0.11 0. 08 31 0. 04 0. 07 0. 06
Bodi anus bi | unul at us(bc) 29 0. 07 0. 09 0. 08 25 0. 08 0.13 <0.11
Paru. pleurostignma(bc) 30 <0.01 0.11 0. 06 26 <0.01 0.19 <0.11
Naso uni corni s(h) 32 0. 03 0. 05 0. 05 23 <0. 04 0.17 0.11
Gonphosus vari us(bc) 40 abs 0. 06 0. 03 29 0. 03 0.12 0. 08
Epi bul us i nsidiator (pi) 43 0.01 0.03 0.02 30 <0.01 0.12 0. 07
Top 10 taxa 4.2 20.5 12.5 5.6 16. 2 10. 6
Top 20 taxa 5.2 23. 8 15.0 6.3 18.9 13.0
Top 30 taxa 5.5 25.0 16.1 6.6 20. 2 14.0
Total fishes 5.6 25. 8 16. 8 6.9 21.2 14.9
¥Acanthurus nigroris, A nigrofuscus, A blochii, A xanthopterus, A dussumeri, and A

ol i vaceus
"Chl orurus/ Scarus spp. adults, including S. dubius, C. perspicillatus and C. sordidus



Tabl e 2.--MMY. Mean nunerical densities (N-10 m? of major fish taxa on the Septenber
1996 and August 1997 surveys. The top 30 taxa are ranked in descendi ng order of
their weighted grand neans within each sanpling period for both habitat types
pool ed. For trophic guild acronyns, see Table 1 caption. A dashed hori zontal
| ine separates the top 30, 1996 taxa from | ower-ranked taxa that ranked within
the top 30 on the 1997 survey. August 1997 BR data include Station 10; data
were not collected at Station 10 on the Septenber 1996 survey. Density on
barrier reef and patch reefs is indicated as DBR and DPR, respectively.

Sept enber 1996 August 1997

Taxon Rank96 DBR DPR Dbot h Rank97 DBR DPR Dbot h
Mul | oi d. flavolineatus(bc) 1 <0.01 5.14 3.21 59 0.01 abs <0.01
Juveni |l e Scari dae(h) 2 0. 45 4.08 2.72 5 0.13 1.09 0. 66
St egastes fasciol atus(h) 3 2.20 2.68 2.50 2 1.52 1.81 1.68
Dascyl | us al bi sell a(zp) 4 abs 3.22 1.61 4 abs 2.20 1.08
Thal assoma duperrey(bc) 5 1.46 1.36 1.39 3 1.40 1.66 1.55
Chaetodon mliaris(zp) 6 abs 1.99 0.99 7 <0.01 0.98 0. 55
Chrom s ovalis(zp) 7 0. 55 0.71 0.65 6 0.82 0.44 0.61
Paru. pleurostignma(bc) 8 <0.01 1.02 0.64 10 0.01 0.51 0. 29
Apogon spp. (zp) 9 abs 1.11 0.56 8 0.09 0.61 0. 38
Stethojulis balteata(bc) 10 0. 47 0.26 0.34 11 0.11 0.32 0.23
Thal assoma bal i eui (bc) 11 0. 37 0.16 0.24 9 0.38 0.21 0. 29
Abudef duf abdom nal i s(zp) 12 0. 38 <0.14 0.23 12 0.40 0.06 0.21
Neoni phon sammar a(bc) 13 0.01 0.35 0.22 40 0.02 0.03 0.03
Kyphosus sp. (h) 14 0.33 0.14 0.21 13 0.30 0.13 0.21
Labr oi des pht hi r ophagus(bc) 15 0. 05 0.31 0.21 15 0.07 0.23 0.16
Chei |l i nus bi macul at us(bc) 16 abs 0.39 0.19 16 abs 0.31 0.16
Coris venusta(bc) 17 0. 02 0.28 0.18 19 0.08 0.19 0.14
Chl orurus/ Scarus spp. °(h) 18 0. 32 <0.05 0.15 14 0.34 0.06 0.19
Paru. multifasciatus(bc) 19 abs 0.30 0.15 35 abs 0.08 0. 04
Acant hurus triostegus(h) 20 0.31 0.04 0.14 17 0.30 0.02 0.14
Mul | oi d. vani col ensi s(bc) 21 abs 0.26 0.13 41 <0.01 0.04 0.02
Aul ost onus chi nensi s( pi sc) 22 abs 0.24 0.12 -- abs abs --
Chaet odon frenblii (bc) 23 <0.01 >0.16 0.10 22 0.04 0.14 0. 09
Chrom s hanui (zp) 24 <0.01 0.16 0.10 23 0.04 0.13 <0. 09
Acant hurus | eucoparei us(h) 25 0. 20 abs 0.10 18 0. 29 abs 0.14

Tabl e 2.--MMY (continued).




Sept enber 1996 August 1997

Taxon Rank96 DBR DPR Dbot h Rank97 DBR DPR Dbot h
Synodont i dae( pi) 26 abs 0.16 0. 08 20 <0.01 0.23 0.13
Myripristis spp.(zp) 27 abs >0. 16 0. 08 44 0. 02 0. 02 0. 02
Ct enochaet us strigosus(h) 28 <0.02 0.11 0. 07 21 0.17 0. 09 0.12
Paracirrhites forsteri (bc) 29 <0.01 0.11 0. 07 33 <0.01 0.08 0. 04
Par u. porphyreus(bc) 30 <0.01 0. 09 0. 06 51 <0.01 0. 02 0.01
Priacant hus sp. (zp) abs abs abs abs 1 0.02 16.82 9. 36
Bodi anus bi | unul at us(bc) 33 0. 04 0. 06 0. 05 24 0. 05 0. 07 0. 06
Chaet odon auri ga(bc) 45 0. 03 abs 0.02 25 0.12 abs 0. 06
Pl ectro. johnstoni anus(co) 35 0. 04 0.05 <0.05 26 0.02 0. 09 0. 06
Scor paena bal | i eui °(bc) 41 abs . 06 0. 03 27 abs 0.12 0. 06
Acant hurus spp. ?(h) 38 0. 09 abs 0. 04 28 0.12 abs 0. 06
Oxychei |l i nus uni fasci atus(bc) 62 <0.01 abs <0.01 29 0. 02 0. 08 0. 06
Per vagor spil osoma(co) 54 abs 0.02 <0.01 30 <0.01 0. 09 0. 05
Top 10 taxa 6.8 21. 7 14. 6 5.9 26.4 16. 4
Top 20 taxa 7.5 24.2 16. 6 6.8 28.2 18. 1
Top 30 taxa 7.7 25. 4 17.5 7.2 28.9 18.8
Total fishes 7.9 26.1 18.3 7.4 29.3 19.5

¥ Acant hurus ni grofuscus and/or A nigroris
"Chl orurus/ Scarus spp. adults, including S. dubius, C. perspicillatus,
¢ Scor paena bal |l ieui coded as Scorpaena sp. on Septenber 1996 survey

and C. sordi dus



Table 3.--FFS. Summary conpari sons between August 1996 and August 1997 densities (N-10
m?), by habitat and across both major habitats, for major functional groupings
of fishes. Al tests were evaluated at o, < 04 g10m Wth mMs as defined in the
Met hods section. Standard errors are listed in parentheses for the August 1996
neans. Sanple sizes are 4, 5, and 9 for barrier reef (BR), patch reef (PR), and
both habitats, respectively. (* indicates significance at < o, ,,) Tests for
stations pool ed over both habitats were considered "na" if trends for BR and PR
stations were opposite.

AUG 1996 % Tot al Pr ob.
Trophic level/guild Reef type mean (se) fishes Change (% change = 0
Total fishes BR 5.6 (1.5) 100 + 23 <0. 001 *
PR 25.8 (3.3) 100 - 18 ns
bot h 16.8 (4.0) 100 - 12 na
Her bi vor es BR 2.5 (0.3) 44 + 29 <0.001 *
PR 8.0 (0.6) 31 - 24 <0. 001 *
bot h 5.6 (1.0) 33 - 13 na
Secondary consumners BR 3.2 (1.4) 56 + 18 ns
PR 17.7 (2.8) 69 - 15 ns
bot h 11.2 (3.0) 67 - 11 na
Bent hi ¢ carnivores BR 1.8 (0.3) 33 - 21 ns
PR 9.0 (1.9) 35 - 35 ns
bot h 5.8 (1.6) 35 - 33 0. 07
Pl ankti vores BR 1.1 (1.0) 20 + 78 ns
PR 7.8 (1.5) 30 + 4 ns
bot h 4.8 (1.5) 29 + 12 0. 39
Coral livores BR 0. 06(.03) <1 + 50 <0.001 *
PR 0.27(.04) 1 + 44 0. 15
bot h 0. 18(. 05) 1 + 45 0.14
Pi sci vores BR 0.12(.11) 2 + 39 ns
PR 0. 59( . 40) 2 + 16 <0. 001 *
bot h 0. 38(. 23) 2 + 19 <0. 001 *




Tabl e 4.--FFS and MMY. Sunmmary of nom nal (signed) changes in
density within the top 30 taxa of reef fishes, grouped
by maj or trophic |evel and carnivore feeding guild,
bet ween t he August (FFS) or Septenber (MMY) 1996 and
t he August 1997 surveys. Noted are results for
bi nom al tests of the relative nunber of nom na
I ncreases and decr eases.

French Frigate Shoal s M dway Atol |
| ncr ease Decr ease | ncr ease Decr ease

Her bi vor es 2 7 3 4
Secondary consuners 10 11 3 20
Bent hi ¢ car ni vores 6 8 2 12
Pl ankti vor es 3 3 0 7
Coral livores 1 0 0 0
Pi sci vor es 0 0 1 1
Total fishes 12 18 6 24

Ho : No. decreases = No. increases
H,, : No. decreases = No. increases
18/ 30 decr eases 24/ 30 decr eases

P = 0.37 P = 0.002




Tabl e 5. - - MAAY.

groupi ngs of fishes.

Summary conpari sons between Sept enber
(N10 m?, by habitat and across both naj or

Sanpl e sizes are 3, 5, and 8 for
habi tats, respectively (August 1997 data for
conpari sons because Station 10 was not sanpled in Septenber

1996 and August 1997 densities

habi t at s,

for

maj or functi onal

BR, PR, and both
BR Station 10 are omtted from

details are noted in the Methods section and Table 3 caption.

SEP 1996 % Tot al
Trophic level/guild Reef type mean (se) fishes Change (%
Total fishes BR 7.8 (1.3) 100 - 15
PR 26.0 (5.2) 100 + 13
bot h 19.2 (4.6) 100 + 8
Her bi vor es BR 4.0 (0.7) 51 - 8
PR 7.2 (1.7) 28 - 55
bot h 6.0 (1.2) 31 - 43
Secondary consumers BR 3.8 (0.7) 49 - 21
PR 18.8 (4.9) 72 + 39
bot h 13.2 (4.0) 69 + 32
Bent hi ¢ carnivores BR 2.8 (0.9) 36 - 11
PR 10.7 (4.6) 41 - 59
bot h 7.7 (3.1) 40 - 52
Pl ankti vores BR 0.9 (0.9 12 - 51
PR 7.5 (2.8) 29 +183'2
bot h 5.0 (2.1) 26 +167
Coral livores BR 0.07 (.05) <1 + 20
PR 0.07 (.04) <1 +154
bot h 0.07 (.03) <1 +105
Pi sci vores BR 0.07 (.03) <1 - 90
PR 0.55 (.13) 2 - 50
bot h 0.37 (.12) 2 - 53

1996. )

O her

Pr ob.
change =

<0. 001 *
ns
na

ns
ns
<0.01 *

ns
ns
na

ns
ns
0. 09

ns
ns
na

ns
ns
0.24

ns
ns
<0. 001 *

0



Tabl e 5.--MMY (continued)

¥This huge (1997 mi nus 1996) difference reflects the extraordinary nunbers (31-53 fish/10
nf) of Priacanthus sp. young-of-year recruits observed at Patch Reef stations (Nos. 5 and
11 only) on the August 1997 survey; no YOY Priacanthus sp. had been observed at any
station (or el sewhere) on the Septenber 1996 survey at MMY



Tabl e

6. --FFS and MAAY.

Summary results of 2-Way ANOVAs testing
the effects of site (FFS, MMY) and survey (1992-93,
1995, 1996, 1997) on the nunbers of (A) total fishes of
all sizes, (B) YOY-sized (1-7 cm SL) fishes of al

taxa, (C) YOY of all taxa excluding dansel fishes, and
(D) YOY-sized dansel fishes only tallied on fish Iength

surveys. Site-by-survey interaction terns were
insignificant (P > 0.5) in all cases and are not
listed. The results of Student-Newran-Keuls a
posteriori tests are provided.
(A) Total fishes, all sizes
Sour ce df SS VB F-ratio Pr ob>F
Model 4 372,595 93, 149 3.45 0. 013
Site 1 53, 956 53, 956 2.00 0. 16
Sur vey 3 318, 639 106, 213 3.94 0. 012
Error 67 1,807,472 26, 977
Tot al 71 2,180, 067
1995 > 1997 = 1996 = 1992-93
(B) YOY-sized fishes, all taxa
Sour ce df SS VB F-ratio Pr ob>F
Model 4 61, 392 15, 348 2.98 0. 025
Site 1 2,123 2,123 0.41 0.52
Sur vey 3 59, 268 19, 756 3.83 0.014
Error 67 345, 341 5,154
Tot al 71 406, 733
1995 > 1997 = 1996 > 1992-93
(O YOY-sized fishes, all taxa excludi ng dansel fi shes
Sour ce df SS VB F-ratio Pr ob>F
Model 4 35, 881 8,970 5.98 <0. 001
Site 1 5 5 0. 00 0. 95
Sur vey 3 35, 876 11, 959 7.97 <0. 001
Error 67 100, 502 1, 500
Tot al 71 136, 383
1995 > 1996 = 1997 = 1992-93




Tabl e 6.--FFS and MMY (conti nued).

(D) YOY-sized dansel fishes only

Sour ce df SS 1Y/S) F-ratio Pr ob>F
Model 4 15, 243 3,811 1.17 0. 33
Site 1 2,438 2,438 0.75 0. 39
Sur vey 3 12, 804 4,268 1.31 0. 28
Error 67 217, 482 3, 246

Tot al 71 232,725

1997 = 1996 = 1995 = 1992-93
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Figure 3--(A) FFS and (B) MWAY. Estimated biomass densities
(kg'10 m™?) of herbivores (diagonal-right histograms)
and carnivores (hollow histograms), during August 1997
surveys at FFS and MWAY (above x-axis) and in August
(FFS) and September (MWAY) 1996 (below x-axis). Also
indicated is one approximate standard error of the
biomass density of total (herbivore plus carnivore)
fishes in each (barrier reef, BR; patch reef, PR)
habitat during each survey.
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Figure 4--(A) FFS and (B) MWAY.
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